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acceptability. Therefore, research to develop process criteria Gh1.

can be used to produce irradiation sterilized fish and seafood pro-
ducts is underway.

The wsfrk covereC in "tbi s-2 poxt -as pifx'ox-d by Oregon State
University under Contract .A'9-129-W4-13" duriny •Ze period fror.
Jartuary 1.959 to J-Lze 1963. rt represenits an 'wjestigasio- of the
"effecte of i':orage stabiity of madiation ster:117.ed beef. 5ifZe
variables include such faictors aa type and, quality of thz r To. rAttris41
Fnzymie inactivation Techniques, end the use of selecte& additi-ren.

)r. H. W. Scitultz %fs the Project Officer end officiol investi-
gator and Professor R. 0. Sinnhubev., Dr. T. C. Yv,, aid Mts. Majy
Landers coliaborators for Oregon State Univ•rsity. The U. S. Ar
Natick Laborato1'y Projezt Officers were Dr. G. D. Gernon and Mr. M.
SImon aid the Alternate Project Officers vere Mr. F. J. Krauss and
Dr. F. }{eillgman, all of the Food Division.

EDWAFM '. JOSEP1SON, Pn.D.
Associate Dire.!c'or for 7oed Radlaticn
Food Division

APPROVED:

FERDINAND P. MEfRLICH, Ph.D.
Director, Food Division

DAMAE H. SIELING, Ph.D.
Scientific Director

W. W. VAUGKAN
Brigadier Gene&l, LISA
Commanding

i .1



TABLE OF CONTENTS

List of Tables v

Abetrat vi

Summary 1

I. Gener~i Objecttvex 3

TT. Irradiation of Market Seafood Products 3

71., Product Development of Breaded Seafoods 3

A. Experimental Metbods and Procedures 4

1. Preparat!on of !ish patty. p-efried 4

2, Preparation of fish patty, *nzyme-inactivated 4

3. Irradititon procedwue 5

q. Stcorage conditiono 5

5. Subjective methods of evaluation 5

3. O*eative methods of evaluation 6

B. Treatment Variables 6

1. Enzyme -inactivation 6

2. Batters and breadiugs 6

3. Methods of cominuting and enzyne-inactivation 7

4. Additives 8

a. Seasonings 8

b. Binding ajents 8

c. Browning inhibitors 9

d. Antioxidants 9

5. Sbortenings .- cooking oils 10

6. Vacuum pa :king 12

C. Halibut Steakzs 12

iii



TABLE CF CONTENTS (con't)

NY. Storage Studies 13

A. Subjective Evaluations 13

1. Materials and methods 13

a. Prefried fish patties 13

b. Enzyme-inactivated fish patties 13

c. Halibut steaks 14

2. Results 14

a. Comparison of prefried cod and halibut
patties it

b. Prefried cod oatties 16

c. Prefried halibut patties 17

d. Enzyme-inactivated cod patties 18

e. Enzyme-inactivated halibut patties 19

f. Halibut steaks 20

B. Objective Evaluations 1i

1. Chemical tests 21

2. Color reflectance measurements 22

V. Conclusions 22

IV



,IST OF TABLES

Table

1. Me,.p Flfvcr fcores for Pr'rlcdd a ,nd Halibut
Pa t ties 16

2. Mean Flavor Scores for r-;efried Cod Patties
Containing Anti-.,diants

3. Moan Flavor Scores fur Prefried ifalibut Patties
Containr~ing Antioxidants 17

4. Meat, Flavor Sc2ores for Enzyme-Inactivated Cod Cakes
Containing Ant.xidants

5. Mean F?.a•or Scores for Enzyme-T)nactivated flaLibut
Patties Cont&ining Intioxidants 19

6. Mean Flavor Scores for Nalibuz. Steaks 20

7. Resu-Its of C'hemical Determination on I:,radiated
Stored Halibut S+eaks 21

8. Reflectance Measurement of Irradiated Fish Patties
Stored for Six Months at 7OOF. :2

V
_ &



ABSTRACT

Results of a series of experiments have led to the development
of five (prefried and enzyme-inactivated codfish patties, prefried
and enzyme-inactivated halibut patties, and halibut steak) radiation
sterilized (4.5 mirad) seafood products. Large consumer panels judged
these products acceptable initially, shortly after irradiation, and
after 6 months storage at 210 C. The study included investigation of
a large number of variables including (1) thirty commercial brands
of breaded seafood products, (2) enzyme-inactivation technique, (3)
a ' 1rge v&riety of breadings and batter, and binders, (4) methods
for preparing the various types of patties, (5) effects of several
different anti-browning and antioxidi.zing agents, and (6) effefts of
seasoning and flavor intensifying agerts. Both subjective and
objective analytical techniques were used for determining the effects
Gf the various factors on acceptability and stability of the products.
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1. This project has led to che development of five radiation-
sterilized seafood products; i.e., prefried cod and halibut patties,
enzyme-inactivated cod and halibut patties, and halibut steaks.
Large panele judged these products acceptable after storage at 700F
for six months.

2. Thirty c•mnercit! brands of breaded seafood products that
were radiation-sterllized deteriorated during storage at 70 and
1000F due to initial poor quality, autolysis and non-enzymatic.
browning.

3. Enzyme inactivation of cod muscle, as measured by the
formation of amino nitrogen, required a mantmus time-temperature
heat treatment of 300 seconds at 150OF or 15 seconds at 1600F.

4. A suitable batter (DCA batter mix #4005 for fish sticks)
and hroader (Hbdern Maid Redi-breader, medium brown) for irradiated
seafood proJucts were selected on the basis of flavor, tolor and
texture.

5. Vaious methods of comminuting and rates of cooking cod
prior to irradiation did not materially •ffect flavor scores of
the stured irradiated product.

6. Cod cakes deep-fried after irradiation scored significantly
higher than cakes deep-fried prior to Irradiatioa.

7, Seafood seasonipg sult, barbecue seaaoniug salt, *alt, onion
salt, garlic salt, MeG and pepper were added to cod fish patties prior
to radiation-sterilization. These seasonings improved the flavor of
the irradiated patties; textural changes were also noted.

G. Edible binaers (29) were screened, and two binders,
Visccctx (gelatin by Swift and Co.) and white corn meal, added in
combination, were found to improve flavor and texture of irradiated,
stored cod patties.

9. Sodium hydrosulfite added to cod cakes did not prevent
non•-evymatic browning of the stored, irradiated cakes. Sodium
hydrostAfite and calcium chloride, added to ground rockfish, gave
no significant colur differences between treatments of the stored
Irradiated fish.



10. Seven antioxidants were evaluated in radiation-sterilized
prefried cod cakes by small panels. There were no significant
differencea in flavor scorea of the stored, irradiated cakes.

11. Chemical tests (VOS, THA and TBA) on stored irradiated
cod and rockfish containing antioxidants seemed to indicate that
Tenox VI an6 1DPA would be effective antioxidants.

12. Shortening# and oils (13) recommended for deep-fat
frying vere irradiated and scored for intensity of irradiated
flavor. Spry was selected for further testing. Eight antioxidants
added to Spry did not lessen the irradiated odor and flavor.

13. The effect of irradiation on natural fats (Active Oxygen
Method) showed that the more saturated fats, such as lard and
tallow, were the most susceptible to radiation damage. Vegetable
oils showed a 30 to 50% decrease in ztability, while fish oils
were relatively stable.

14. Irradiation of four antioxidantti in Vream (Swift & Co,)
revealed that the antioxidants were relatively stable when
vacuum packed.

15. The effectiveness of antioxidants varied greatly in
prolonging the stability of different fats and oils. This work
indicated the usefulness of antioxidants in extending the storage
life of land animal fets and possibly of irradiated pork and beef
products.

16. High vacuum packing (2 mm or less) of shrimp and shortenings
did not yield producLe of lesser irradiated flavor. However, pre-
liminary work indicated that high vacuum packing improved the flavor
of irradiated cod cakes aftor storage at 70°F for six months.

17. Total volatile bases, pH, TBA number and trimethylamine
nitrogen values of irradiated halibut steaks increased with
storage time, and showed the value of adding antioxidant, such as
TDPA, to the irradiated stored fish.

18. Limited studies of color differences between treatments
of stored, irradiated seafood products indicated the advisability
of adding an antioxidant, such as Tenox VI, to lessen non-enzymatic
browning.
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I. General Objectives

The purpose of this contract was to develop radiation-steri-
lized, shelf-stable fish and seafood products. Sterilization of
fish at high levels of radiation frequently imparts undesirable
odors and flavors. The general objectives were to investigate
various methods of lessening these flavor changes which occur
during irradiation and subsequent storage at room temperature.
This work was chiefly concerned with the investigation of the
following: antioxidants and other additives for the improvement
of !lavor and storage stability; various methods of preparation
and enzyme inactivation; high vacuum packing and other specialized
procedur"s. Subjective methods by taste pcnel evaluation and
objective methods by chemical and physical measurement4 were
employed to evalitate processing variables and treatments.

This final report includes a sumnmary of the work presented
in detail in Interim Report #14, File S-590, which was largely the
development of radiation-sterilized seafood products. A detailed
account of results during the last year ar4 presented herein,
dealing primarily with storage studies of the most promising
irradiated products.

I1. Irradiation of Market Seafood Products

During the initial phase of this contraet, thirty commercial
brands of breaded seafood products were subjected to irradiation
at 4.5 megarad and examined for gross physical and organoleptic
changes by small panels. Two of the products, French fried 3hrimp
and prefried fish sticks were evaluated by large panels. Taste
panel scores tndicated only "borderline" acceptance of the irradiated,
stored products. The initi*l poor quality of some of the products
may have been responsible for the rapid deterioration during storage.
Autolysis and non-enzymatic browning occurredo batter and breading
darkened considerably or became gunqy and a tallow-like flavor was
noted from the c9oking fat. Since no commerciel, breaded stafood
products seemed to be suitable for radiation-processing, it was
decided to embark on product development to overcome these diffi-
culties.

III. Product Development of Breaded Seafoods

Work was 1nctlated on the development of a fish cake or patty
which would seem tL b2 the most fluxible and adaptable type of
product to use for this project. ?acific cod, Gadus macrocephalus,
was selected for use in the preparaticn of ground fish cakes because



it was readily available, economical, bland in flavor and low in
fat. The patties were sized to fit round cans (307 diameter) which
were used for irradiation and storage. The fish was ground to
facilitate the addition of the following: agents to prevent non-
enzymatic browning, antioxidants to prevent oxidative rancidity
on prolonged storage, and binders and seasonings to improve flavor
and texture. Variouc batters and breadings were tested for irradi-

ation effect on flavor, color and texture. The enzyme-inactivation

temperature for fish muscle was determined. Cooking fats and oils

containing antioxidants, were screened to determine differences in

intensity of irradiated odor and flavor and storage stability.
Various methods of preparation, precook and packing of the fish
were investigated.

A. Experimental Methods and Procedures

1. Preparation of fish patty, prefried.

Fresh, Pacific cod fillets were ground in a
stainless steel meat grinder, using ¼-inch plate. Antioxidants
were incorporated in the fish at this point by hand mixing for
timed intcrvals, with the untreated samples receiving the same
mixing. The ground fish was stuffed in meat casings (2hx32 E.P.
Fibrous Viaking Co.) by means of a hand ntuffer. The "'sausagec"
were quick-frozen at -18 0 F, sliced in 3/8-inch cakes, dipped in
batter and breading, and deep fried in hydrogenated shortening
at 360°F for three minutes (minimum internal temperature 1600F,
15 sec.). The fried patties were spread on wire racks, quick-
frozen and packed in 307x202 "C" enamel cans, three patties per
can, sealed and returned to the freezer to await shipment for
irradiation. This product was designated a prefried patty, a
"heat and serve" iteir.

2. Preparation of fish patty, enzyme-inactivated.

A second type.of patty evolved through our
experimental work. This was designated an enzyme-inactivated
patty. The variation in procedure is as follows: Binders were
added to the ground fish before stuffing in the casings. The
"sausages" were cooked in a boiling water bath to enzyme-inactivation
temperature, held in a 34 0 F cooler overnight, sliced in 3/8 inch
cakes and packed in cans for irradition. Parchment paper was
placed between the cakes, and the samples were quick-frozen. These
patties were breaded and deep fried at Lime of'serving.
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3. Irradiation procedure.

After preparation, the frozen samples were mhipped
under dry ice, via Railway Express, to the Materials Testing
Reactor at Arco, Ideho for irradiation at 4.5 megarad, and wore
returned to Oregon State University under the same conditions.
Irradiation was effected in water at ambient temperature. Dose
rates varied from 1.67 x 106 to 3.70 x 106 rad/hr average.

4. Storage conditions.

After irradiation the seafood products were stored
in controlled temperature rooms at the Department of Food Science
and Technology at 70°F for six months. Bacteriological zl.arance
was obtained on all storage samples before presenting them for
panel evaluation. The toxicity cesta were performed in the
Microbiology Department of Oregon State University.

5. Subjective methods of evaluation.

In the organoleptic evaluation of seafood ptvoducs,
two types of taste panels were employed: the small trained panel and
the large student panel. The small panel consisted of 6 to 20 staff
members and graduate students at the Department of Food Science and
Technology, Oregon State University who were trained to recognize
irradiated odor and flavor. The students for the large panelo ware
neither trained nor pre-selected, but rather f general notice wts
posted and 140 to 180 responded at various times. The small panels
were used for preliminary evaluations, and the student panels to
measure acceptance. These student evaluations may be used as an
indication of consumer preferences, since the students show generally
the same preference ratings as home consumers, according to CalvA'
and Sather. (Food Technol., 13. 469, 1959.)

At time of serving the prefried fish patties were

heated in a 400°F oven fcr 12 minutes. The enzyme-inactivated
cakes were breaded and deep-fried at 3600F for three minutes. Tha
tasters were served the samples in randomly coded cups with each
taster receiving one-fourth of a fish patty per treatment.

Two types of ballots were used for this project.
The preference ballot, with a 9-point Hedonic scale, went pro-
gressively from a score of 1, indicating "dislike extremely', to a
score of 9, indicating "like extremely". A 6-point ballot wa"
also used by the small panel to score intensity of irradiated odor
and flavor. The ballot was scored from 0, indicating no irradiated
odor or ilavor, to 5, indicating very extreme intensity. Sta-
tistical analysis of variance was obtained at the 5% significance
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level.

6. Objective methods of evaluation.

Objective evaluations by chemical and physical
methods were employed. The chemical tests included pH, trimetbyl-
amine (TMA)l, volatile oxidizable substances (VOS) 2 ,, thiobarbi-
turic acid number (TBA) 3 and total volatile bases (TVB) 4 , A
Photovolt Photoelectric Reflection Meter, Model 6105, with a tri-
green filter, was used to determine color differences between
treatments.

B. Treatment Variables

1. Enzyme Inactivation.

The importance of inactivation of the naturally
occurring autolytic enzymes of meat to be stored above the
freezing point has been clearly demonstrated. However, no report
was available on the inactivation temperature of cod muscle
enzymes and a study was conducted in our laboratory. Ground cod
cakes were heated to internal temperatures of 150, 160, and 170°F
for 15, 60, 180 and 300 seconds. It was determined that a minimum
time-temperature treatment of 300 seconds at 150OF or 15 seconds
at 160°F was required prior to irradiation for inactivation of
enzymes in cod by the amino nitrogen method of Pope and Stevens,
(Biochem. J., 33, 1070, 1939). Results of this work are in press.

2. Batters and breadings.

Twenty combinations of batters and breadings were
tested, not only for irradiation effect on texture, but also for
flavor and color. Emphasis was placed on a breading mix that

1W. J. Dyer, AOAC, Vol. 42, No. 2, 1959
2 T. C. Yu (Unpublished)
3 Yu and Sinnhuber. Food Technol., Vol. XI, No. 2, pp 104-108, 1957
4M. E. Stansby, Ind. Eng. Chem., Anal. Ed. 16, 593, 1944.
5Photovolt Corporation, 95 Madison Avenue, New York 16, New York



gave a light t-rown color during precook to 1600? internAl t•'por-
ature and yielded # desirable medium brown-coilor afte. irradiation
and reheating. The products were recooked by deep frying cr heating
in the oven before serving. The preferred batter and breadeL for
fish cakes were DCA #4005 batter1 and Mokorn Maid Redi-breader,
medium brown2 . This batter cnd breading were usedl eclurely in
all future resairch 4iscussed in this report.

3. Methods of comminuting and onxymi2 in~ctivation

In an endeavor to produceý a flsh patty of mors
dcsirable flavor an6 texture, varicas vethoas of cowrAnuttng and
preheating the fish fillets wcee inveetf.lat*6 as foliowst

a. Chopping in a silent cutter compared
with grinding .4n a meat griidet.

b. Coewivij tha fish quickI7 In a boilina
water bath compared with eouk.nj by a
gradual increas* in watir bath tme*pe-
ature to a maria. of l0'7 &hiove tko
dosirta tinc•rnal temperature.

c. The uie of a Raytheon U&.arggone, 8erial
#?, radel 1161, o Mff*ct #n~yue in-
activation ct *n iaotlertaed ciate without
otherwise alzering the product.

d. Enzyme-inactivated patty coujiali with tihR
prefried patty.

Taste panel scores after irraJiation Indicated that
the t=hods of conminuting and rate of precooking the fish did not
materially affect rhe mean flavor scores. Mch davelopmental work
Is needed before radar cooking is practicable for the enzym in-
activation of fish, Flavor scores Indicated that cakes, deep-fried
after irradiation, scored significantly higher than eakes deokp-fried
prior to irradiation. Deep frying after irradiation soanid to lesson
the Irradiated odor and flowor and gave a mre acceptable product.

IDCA Food Industries, Inc., 41 West 36th itreet, few York 18, New York
2Hodern Maid Food Products, Inc., .110-160 Dc;kirk Street, Jmnaica 12,

New York
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4. Addit~ves.

a. iassoning2

Seasonings were added to cod fish cakes
n a&a *Ltempt -o improve the iccoptabiltty of the irradiated cakes.
.he following combinations of seagonings j&re tested: 1) salt,
pepper, MSa, ") solt. onion salt, garlic salt, pepper, Mr., 3) Stange
flavoraid soks !kAlt, 4) Johnny's Seafood Seasoning Salt 1 e•id r )
DarLiacke Seasooing Saltl. After one month storagc at 700F, a small
panel scored the smoke-flavor~d cake unacceptable. Although the
smoke flavor masked the irradiated flavor, it had limited appeal
and acquired a medicinal or phenolic taste. With thim exeeption,
all of tht seisoned cakes roceived higher scores than the control
cake with no seasonings. All of the seasonings tested seemed to
have a binding effect, while the control cake tended to fall apart
when 49rvcd. Tr, irradiated cakes containing Seafood Salt and
Barbecue Salt seemed to toughen and become slightly rubbery in
textute. Salt, pepper mnd MSG were added to prefried cod cakes in
combinasion with high vacuum packing for large panel evaluation.
KeNults were Inconsistent, and it was decided not to add salt to
the prafried cake#. Salt, however, was added with the binders,
Viscomix and corn meal, to enzyme-inactivated cakes and results are
discussed in the foliowing section.

b, Binding agents.

Twenty-nine edible binding agents were
swreea3d, in':Iudin5 gelatins, starch*s, gums and algin derivatives.
Th• bindorn iers incorporated in the ground fish at levels from
0.9I5 to 5.0% ain the fish was cooked in the cans in a boiling
watdr bath. The binders were judged on the basis of ease of
mixing, free-,voisture levels after cooking, flavor and texture
scorea after irradiation and the ease of handling while slicing
and breading prior to fryiag. The formulation of 4% white corn
motl, 1% Vt7 comix (gelatin by Swift & Co.) and 0.4% salt of the
total weight of the fish was selected for use in enzyme-inacti-
vated fish cakes.

1Johnny'a Dock Restaurant, Tacoma, Washington



c. Browning inhibitors.

The effect of sodium hydrosulfite as a
possible browning inhibitor was investigated. Sodium hydrosulfite,
at the rate of 100 ppm of sulfur dio:ide, was added to the ground
fish during preparation of prefried bakes. After 6 months' storage
of the irradiated samples, the hydrosulfite samples scored signifi-
cantly lower in flavor than the control sample with no additive.
There was no appreciable color difference between treatments. Sodium
hydrosulfite and 0.5% calcium chloride were added separately to
ground rockfish. Photovolt readings, using a green filter, were
taken after 0, 1, 2, 3, 4, 8, 16 and 24 weeks' storage at 700 F.
Three readings were taken on the surface of the rockfish immediately
after cutting the cans, and three readings were taken on a center
slice and averaged. There were no significant color differences
between treatments.

d. Antioxidants.

Antioxidants which are stable toward gamma
irradiation and give a definite measure of protection against
oxidative rancidity are needed if seafood products are to be stored
for prolonged periods. Antioxidants may have a beneficial effect
in the prevention of radiation-induced browning reactions.

Four antioxidants at levels of 0.02 to 0.05%.
were evaSluated in prefried cod cakes, in preliminary tests. These
antioxidants included Tenox S-11 (20% propyl gallate, 10% citric acid
and 70% propylene glycol), Tenox IV1 (20% butylated hydroxymaisole,
20% butylated hydroxytoluene and 60% vegetable oil), 2,l4.,5-tribyd3ýoy-
butyrophenonel (THBP) and propyl gallatel (PG). Results seemed to
indicate no apprecibble improvement in the flavor of stored, anti-
oxidant-treated, irradiated cod cakes over the control cakes.

Prefried cod patties containing four anti-
oxidants, in combination with citric acid (.001%) and sodium
hydrosulfite (0.01% sulfur dioxide), were evaluated by means of
trained taste panels and chemical tests after irradiation at 4.5
megarad and storage for six months at 70OF. The antioxidants
included Tenox VI (10% BHA, 10% BHT, 6% PG, 6% citric acid, 12%

iEastman Chemical Products, Inc., Kingsport, Tenn.
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propylene glycol and 56% v.Setable oil), THBP. thiodipropionic
acid (TDPA)l and dihydroquercetin (DHQ) 2 , added at the rate of
50 ppm in the product. Taste panel results gave no clear-cut
answers as the value of antioxidant addition to radiation-sterilited
seafoods.

Chemical tests included VOS, THA and TBA
determinations, and values are given in Interim Report #14, File No.
8-590. In general, VOS values increased with radiation and de-
creased with storzke time. TMA values increased with radiation and
with storage time and temperature. TEA values increased with
radiation and decraased slightly with storage. Chemical tests
seemed to indicate that antioxidants should be incorporated in
radiation-sterilized fish cakes that are to be stored.

Rockfish was selected for further testing
of three antioxidants (Tenox VI, TDPA, DVQ) and two browning In-
hibitors (sodium hydrosulfite and calciurm chloride). 7O0., TEA and
THA determinations were run after six months storage at 7007.
Results were generally the same as reported in the previous para-
graph with prefried cod cakes.

Although the taste panel results and
chemical tests were not conclusive, it seemed advisable to add
antioxidants, especially when oxygen is present. Other workers
have reported this. Such would be the case when samples are
packed in large cans for irradiation (i.e. #10 cans). Tenox VI
and TDPA were selected as representing two classes of antioxidants
for further storage studies.

5. Shortenings and cooking oils.

Radiation sterilization of breaded prefried products
frequently gives rise to tallow-like or oxidized flavors which are
believed to come from the cooking medium. Thirteen shortenings
and cocking oils recommended for deep fat frying were evaluated
organoleptically to determine differences in intensity of ir-
radiated odor and flavor. Spry consistently ranked lower in
intensity of irradiated flavor than the other brands tested and
was uoed for deep-fat frying. Eight antioxidants were added to

1Evene Chemetics, Inc., 250 East 43rd St., New York 17, New York

2 Forest Products Laboratory, Corvallis, Oregon
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Spry at the 0.02% level and the Spry was irradiated at 3.0 megarad
to determine whether antioxidants lessen the irradiated odor and

flavor in fats. No significant differences were noted between the

samples.

The effect of radiation on fats, oils and shortenings

was investigated. Fifteen samples of fats and oils were analyzed

for decrease in stability by the active oxygen method (AOM),
Amnerican Oil Chemists Society procedure CD 12-57. Irradiation at

4.5 megarad caused a decrea3e in the AOM stability of all fat
samples. The effect of irradiation on the stability of natural

fats appeared to follow a pattern that the more saturated animal
fats such as lard and tallow were most susceptible to irradiation
damages. The highly unsaturated fish oils showed little change in
stability time. The vegetable oils decreased in stability con-
siderably after irradiation, but were not as severely affected as
lard and tallow.

2  aFour antioxidants were separately incorporated in
xxx Vream , a shortening recommended for deep-fat frying, at levels
of approximately 0.02% and 0.05%. The antioxidants included propyl
gallate, nordihydroguaiaretic acid, butylated hydroxyanisole and
quercetin. The cans were vacuum sealed. There were no appreciable
increases in total carbonyls (Berry and McKerrigan), peroxides
(Amer. Oil Chem. Soc.), or malonaldehyde (Yu and Sinnhuber) in the
Vream samples after irradiation, after three weeks, or after six
weeks of storage at 1000F. From 8.2% to 98% of the irradiated
antioxidants were recovered, indicating that irradiation at 4.5
megarad did not severel3 damage the antioxidants when they were
added to xxx Vream. We would anticipate a much greater loss of
antioxidants and destruction of the shortening if the irradiation
was carried out in the presence of air.

Additional studies were conducted to establish the
antioxidant protective factors for both irradiated and non-irradiated
fats. The protection factor may be defined as the ratio of AOM
stability time of the fat containing antioxidant to the stability
value of the control sample containing no antioxidant. The ef-
fectiveness of antioxidants vary. greatly in prolonging the
stability of different oils. Most antioxyidants effociently retard

1?'rcduct cf Lever Brothers Co.
2 Product of Swift & Co.
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the rate of autoxidation of the more xraurated animal fato, such
as lard and Pallow. On the other hand, the addition of antioxidants
to vegetable oils and highly unsaturated fish oils gave only a
uliht increfse in stxbility.

Thnse studie3 indicate the advisabili.y of adding
antioxidants to irradiated seafood products to extend the storage
life of the producta. Specific 6ntioxidants to be used in fish
cakes require further investigation.

6. Vacuum packing.

HIg;7 vacuum packing (2 amm or lees) of shrimp,
shortenings anO coohing oils did not seem to indicate a lessenang
of irradiated odor and flavor. However, favorable results with
high vacuum packing of fish cakes were obtained. Small panels
evaluated preiried cod cakes containing salt, pepper aid MSG, packed
under hign vacuum, irradiated at 4.5 megarae and stored Lor 6 anthi
at 700F. On the basic of these scores, it seemed that a preftied
cake should be packed under high vacuum. Large panel evaluations
were needed to establish the validity of these results.

C. Halibut Steaks

Red Snapper fillets, cod fillets and halibut steaks
served with lemon and butter or tomato sauce were screened by
small panels. After irradiation at 4.5 megarad, the halibut steaks
with tomato sauce received higher flavor dcores than the other
samples. This product was selected for further isradiation
studies.

Whole, fresh-frozen Oregon halibut, Hippoglossus
gteuolepsis, weighing from 6 to 12 pounds, were sliced in •"
thick steaks with a band saw whilt frozen. The steaks were
parti'ily toawed, placed in taylar-polyelhylene bags and enzyve-
inactivted in a hot water bath (170o180°F) to a minimum internal
temperaturc of 160°F. Bone, fat and skin were removed after
cooking, and the steaks and liquid from the cook were sealed in
307x202 "C" enanel cant at 25" vacuum. The fish was frozen and
shipped under drg ice ýor irradiation at 4.5 aegarad. The halibut
was stored at 70 F ior siA ronths for organoleptic and chemical
evaluations. Chemical testa included TMA, pH and total volatile
base; (B).

Results indicated that halibut steaks show promise as a
radiation-sterilized seafood product. The fteaks were lightly
covered with tomato sauce and heated in a 400OF oven for 15 minutes
to serve the panel. TVB value6 did not increase with irradiation,



but showed a two-fold increase with storage of the irradiated

samples. The pH values increased slightly with irradiation and

storage. TMA values increased slightly with irradiation and con-

siderably with storage. It was concluded that halibut steaks be

subjected to large panel evaluation.

IV. Storage Studies

A. Subjective Evaluations

The work previous to this point has dealt largely with

small panel evaluations of a number of additive and treatment

variables. As a logical extension of this research, it was de-

cided to combine the best of these treatments in a series of tests

for large panel evaluations. Although most of the work T'mr, done

with cod, the scope was enlarged to include halibut. After irradi-

&tion halibut ýms found to be superior in texture and lighter in

color than cod. However, since halibut has a slightly higher fat

content than cod, antioxidants were added to achieve greater storage

stability. Activated charcoal packets, as odor scavengers, were

included in the cans since other workers have shown them to be

particularly effective with irradiated foods. Five products were

selected: Prefried cod and halibut.patties, enzyme-inactivated

cod and.halibut patties, and halibut steaks.

1. Materials and Methods

a. Prefried fish patties.

The method as given above was followed in the
preparation of the fish patties, with some modifications. After cod
or halibut fillets were ground, antioxidants (Tenox VI or TDPA)
were added at the rate of 50 ppm. The fish was stuffed in casings,
frozen and sliced as previously described. The sliced patties were
dipped in DCA #+005 batter and Modern Maid Redi-breader, medium
brown. and deep fried in Spry, which contained 0.02% BRA. After the
fried cakes were packed in cans, a one-gram charcoal packet was
attached to the underside of each can lid, protected with parchment
paper, and the cans were sealed on a commercial sealer under 29.5"
vacuum. After irradiation at 4.5 megarad, the samples were stored
at 70OF for 0. 3 and 6 months.

ftait1batties.

The modificýtions in the preparation of these
cakes were as follows: To each 100 pounds of ground fish were added



4 pounds of corn meal, 1.5 pounds of Viscomix and 0.4 pounds of
salt. Tenox VI or TDPA was added at the rate of 50 ppm of the total
mix. After the patties were sliced, they were packed in 307x202
cans. Parchment paper was used between the patties and also between
the top patty and a one-gram charcoal packet attached to the under-
side of the lid. The cans were sealed on a commercial sealer at
29.5" vacuum. After irradiation at 4.5 megarad, the -amples were
stored at 70°F for 0, 3 and 6 months.

c. Halibut Steaks.

The final procedure in the preparation of
halibut steaks is as follows: Whole, fresh-frozen Oregon halibut,
weighing from 10 to 20 pounds, were sliced in 5/8" thick steaks
with a band saw. The steaks were skinned, boned, all visible fat
removed and the fish (6j oz.) was packed in 307x202 cans with
parchment paper to prevent sticking to the cans. Five ml. of an
aqueous solution of thiodipropionic acid was added so that the
concentration was 50 ppm TDPA. The cans were sealed at 29.5"
vacuum, cooked in a steam chamber to a minimum internal temper-
ature of 160F (approximately 18 minutes). The cans were cooled
and held frozen until irradiation at 4.5 megarad and storage for
0, 3 and 6 months at 700F. At the time of serving, the halibut
steaks were lightly covered with tomato sauce and heated in a
400°F oven for 15 minutes.

2. Results.

a. Comparison of prefried cod and halibut patties.

Panels were conducted to compare cod and halibut
patties after (1) irradiation at 4.5 megarad and (2) storage for
six months at 70 0 F. The storage cakes were served with non-irradiated
cakes held at O°F for six months. Results are given in Table 1.
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TASLE 1. Mean Flavor Scores1 for Frefried
Cod and Halibut Patties.

Irradiation Storage Storage Time (Months)

Treatment Level Temp(°) 0 6

Cod pattiui 0 .4'red 0 6.32

Halibut patties 0 Hrad 0 6.64

Cod patties 4.5 Mrad 70 6.42 5.96

Halibut patties 4.5 Mrad 70 6.29 5.82

L8D0 5 at 0 mon. - 0.25 (159 tasters)
6 mone.- 0.24 (158 tasters)

13cort 9 high, 1 low

Halibut patties scorad significantly highar than
cod patcies prior to irradiation, but there wore no signtficant
differences after irradiation ond storag6. Altbough both irradiated
samples scored signifimently lover than the non-irradiated samples
at 6 months, th. scores were on th- "like" side of the scale.

~1 ~..



b. Prefried cod patties.

Panels were conducted to evaluate the effect
of irradiation, storage and antioxidants on the acceptance of pre-
fried cod patties. Results are given in Table 2.

TABLE 2. Mean Flavor Scores 1 for Prefried
Cod Patties Containing Antioxidants.

Storage Storage Time (months)

Treatment Temp (OF) 0 3 6

O Mrad, w/o antioxidant 0 6.78 5.80 6.15

4.5 IWad, w/o antioxidant 70 6.00 5.86 6.17

4.3 Mrad, w Tenox VI 70 6.03 6.01 6.19

4.5 Wrad, w TDPA 70 6.10 5.68 6.19

LSD 0 5 at 0 mon. - 0.23 (151 tasters)
3 mos. - 0.25 (172 tasters)
6 mos. - 0.23 (144 tasters)

lScore 9 high, 1 low

The control sample (0 megarad) scored sig-
nificantly higher at 0 time than the irradiated samples. However,
there was no significant preference for the control sample over
the treated samples after storage. All scores were within the
rang: of acceptability.
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c. Prefried halibut patties.

Large panels evaluated the effect of irradi-
ation, storage and the addition of antioxidants on the acceptance
of prefried halibut patties. Results are given in Table 3.

TABLE 3. Mean Flavor Scores t for Prefried
Halibut Patties Containing Antioxidants.

Treatment Storage Storage Time (months)
Tomp(oF) 0 3 6

0 Mrad, v/o antioxidant 0 6.87 6.11 5.98

4.5 Mrad, v/o antioxidant 70 5.66 3.77 5.89

4.3 Mrad, v Tenox VI 70 5.99 5.68 5.94

4.5 Mrad, v TDPA 70 5.88 5.75 5.86

LSD 0 5 at 0 mon. - 0.23 (163 tasters)
3 mos. - 0.22 (170 tatters)
6 mos. - 0.23 (156 tasters)

1Score 9 high, 1 low

The control sample was scored significantly
higher than the irradiated samples at 0 and 3 months. After 6
months storage, however, there ver* no significant differences.
The antioxidants did not seem to affect the scores.
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d. Enzyme-inactivated cod cakes.

Panels were conducted to evaluate the effect of
irradiation, storage and ancioxidants on the *cceptance of enzyme-
inactivated cod cakes. Results are given in Table 4.

TABLE 4. Mean Flavor Scores1 for Enzyme-Inactivatad
Cod Cakes Containing Antioxidanms.

Storage Scoreg.a Time (wnths)
Treatmeut TeMp(OF) 0 3 6

0 Mrad, w/o antioxidant 0 6.87 6.28 6.42

4.5 Wrad, w/o antioxidar-t 70 6.83 6.25 6,7T

4.5 Wrad, w Tenox VI 70 6.93 6.49 6.60

435 hrtd, w TDPA 70 6.78 6.44 E112

LS,005 at 0 non. - 0.23 (146 tsaters)
3 s. - C-,22 (174 tasters)
6 os. - 0.19 (150 tasters)

1 Score 9 high, 1 low

Initially there wero no aign4i•cant d~fferenc"a
between treatmonts. After 3 months storage. the samlpe vwith
aiitioxdidnts scored higher than the sataples vithott. All irrvoieted
samplis scorfd highcT than the 0 megart6 sqmple tf.tr 6 mnths
storo5t. kiI were acceptable products.
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e. Enzyme-ir-.tivzted h4libut patties.

Larae panels evaluated the effect of irradiation,
storage and antioxidants on the acceptance of enzyme-inactivated halibut
patties. Results are given in Table 5.

TABLE 5. Mean Flavcr Scres1 foz ELixym-Inactivated
Halibut Patti** Containing Antiax~dants.

Storage ,crage Tire (zvths)
Trea nrt TooIR -0

0 iMrad, v/o antioxidant 0 7.17 6.33 S,"'

4.5 Wred, w/o Antioxidant 70 6.61 6.41. 6.N3

4.3, Wad, , TZnox 441 70 6.?0 6.31 6.67

4.5 Mrad, of TDPA 70 6.55 6 .* 6.71

LSD95at9 rýx O.Li. (149 ýa!tters)
LD5  3 mos. 0 .2!2 (i(8 trat~c!4

5 ~q '- Z.23 (157 kaste-s)

iS.re 9 high. 1 low

Althbh the panel preferred the han-irraJ1atai
ampl*e initially, tihis was no longer trcu a&ter Ntcrsagt, Aktur
5 =nths, thexe vere no signtfi~ant di.ffonces due to treatmts,
All s-~;es received sa.ores indicetitg acceptance.
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f. Halibut steaks.

Lcrge panels were conducted to evaluate the
effect of irradiation, storage and TDPA on the acceptance of halibut
steaks served with tomato sauce. Results are given in Table 6.

TABLE 6. Mean Flavor Scores 1 for Halibut Steaks.

Treatment Storage Storage Time (months)
TemCP(F) 0 3 6

0 Hrad, w/o antioxidant 0 6.68 5.94 6.34

4.5 Mrad, W/o antioxidant 70 5.91 5.30 5.69

4.5 Mrad, w TDPA 70 5.94 5.15 5.53

LSD0 5 at 0 mon. - 0.27 (157 tasters)
3 mos. - 0.24 (158 tasters)
6 w'w. - 0.21 (159 tasters)

1Score 9 high, 1 low

The tasters preferred the non-irradiated
halibut steaks to the irradiated steaks at all storage times.
However, the irradiated steaks received scores on the "like" side
of the scale after 6 months storage. The addition of TDPA did not
affect flavor scores.
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B. Objective Evaluations.

1. Chemical tests.

The halibut steaks prepared for large panel evalu-
ations were also subjected to a number of chemical tests --- pR,
TMA, TBA, and TVB. Determinations were run at each storage time

and results are given in Table 7.

TABLE 7. Results of Chemical Determinations on
Irradiated Stored Halibut Steaks

THA TVB TEA

Storage & Storage mg TKAIN/ mg N2 / us malonaldehyde/
Teatment Temp(°F) PH 100 s sample 100 it sample Kgi sample

0 months
0 Mxrad 0 6.4 1.4 7.0 10.6
4.5 (rad
w/o anti-

oxidant 0 6.4 2.5 9.0 10.8
4.5 Mrad

w TDPA 0 6.4 3.1 9.4 5.9

3 months
0 Mrad 0 6.3 2.8 9.3 12.9
4.5 Hrad
w/o anti-
oxidant 70 6.4 9.3 14.0 25.0

4.5 Hrad
w TDPA 70 6.5 9.0 11.9 21.4

6 months
0 (rad 0 - 1.2 7.8 22.9
4.5 Mrad
w/o anti-
oxidant 70 - 8.8 17.3 12.7

4.5 Mrad
w TDPA 70 - 8.5 16.4 11.7

The chemical tests indicated an increase in values due

to irradiation and storage. The low ThA and TVB values correlated
with the panel scores, which indicated that the halibut steaks were
acceptable after 6 months 3torage. TBA numbers show the value of
adding antioxidant to the irradiated, stored fish. TDPA, after
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6 months storage, was effective in preventing the formation of a
rancid produat, malonaldehyde.

2. Color reflectance measurements.

Visual color differences were noted between treatments
of the stored, irradiated seafood products. Photovolt readings,
using a tri-green filter, were taken on the surfaces of enzyme-
inactivated cod and halibut patties after 6-months storage at 700F.
Prefried cake3 were sliced horizontally for a reflectance reading
of the fish flesh. Four readings were taken on three patties of
each treatment. Scores were averaged and results are preuented in
Table 8. The per cent reflectance for 0 megarad, enzyme-inactivated
halibut patties was 62.1.

TABLE 8. Reflectance Measurement 1 of Irradiated Fish
Patties Stored for Six Months at 700F.

W/O With With
Treatment Antioxidar TDPA Tenox VI

Enzyme-inactivated cod patties 48.6 46.9 51.8

Enzyme-inactivated halibut patties 44.9 49.3 55.4

Prefried cod patties (Table 2) 40.6 40.1 45.4

Prefried patties (Table I)
cod 43.8

halibut 54.2

1 Per cent reflectance

Table 8 shows the effectiveness of Tenox VI in
lessening non-enzymatic browning of the patties.

V. Conclusions

This project has led to the development of five acceptable
irradiation-sterilized seafood products that will withstand
storage at 70°F for six months. These products are as follows:

(1,2) Breaded, prefried cod putties and breaded, prefried
halibut patties. These products are "heat and serve"
i tems.

(3.4) Enzyme-inactivated cod patties and enzyme-inactivated
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ha•i•-vt patt1ea. These products are br•,ded cna fried
to serve.

(5) Hali.but steaks, served with tomato sauce, Thio is a
"ht-at and serve". item.
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